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Michal Schwartz, Gila Moalem, Raya Leibowitz-Aniit and Inm R. Cohen 



The limitation of immune responsiveness in the mammalian CNS has been attributed to the 
intricate nature of neuronal networks, which would appear to be more susceptible than other 
tissues to the threat of permanent disorganization when exposed to massive inflammation. This 
line of logic led to the conclusion that all forms of CNS inflammation would do more harm than 
good and, hence, the less immune intervention the better. However, mounting evidence indicates 
that some forms of immune-system intervention can help to protect or restore CNS integrity. 
We have shown that the innate immune system, represented by activated macrophages, can 
facilitate the processes of regeneration in the severed spinal cord. More recently, we found that 
autoimmune T cells that are specific for a component of myelin can protect CNS neurons from 
the catastrophic secondary degeneration, which extends traumatic lesions to adjacent CNS areas 
that did not suffer direct damage. The challenge, therefore, is to iearn how to modify immune 
interactions in the traumatized CNS in order to promote its post-injury maintenance and repair. 
Trends Neurosci. (1999) 22, 295-299 



THE PHENOMENON of 'immune privilege' in the 
mammalian CNS is thought to derive from an evo- 
lutionary adaptation that restricts immune responses 
within the CNS (Ref. 1). Several mechanisms contribute 
to the status of the CNS as a site of immune activity of 
unique and possibly autonomous character. The most- 
prominent element involved in these mechanisms is the 
blood-brain barrier, an anatomical and physiological 
barrier that keeps the CNS free from intruders 2 . An ad- 
ditional mechanism is an immunological barrier, mani- 



fested by: (1) the reduced expression of major histo- 
compatibility complex class-I and class-II antigens on 
certain cells in the CNS (Ref s 3,4), and (2) an immuno- 
suppressive micro-environment that contains, for ex- 
ample, astrocytes that suppress or anergize invading 
T cells 5 ' 6 , and locally produces factors that suppress and 
regulate the production of immune responses in the CNS 
(Refs 7,8). These two barriers, which limit both the entry 
of immune cells into the CNS and their activity there, are 
thought to protect against remodeling of the dynamic 



Michal Sclrwartz 
and Raya 
Leibowitz-Annt 
are at the Dept of 
Neurobiology, 
Gila Moalem is 
at the Depts of 
Neurobiology and 
Immunology, and 
Irun R. Cohen 
is at the Dept of 
Immunology, The 
Weizmarm Institute 
of Science, 76100 
Rehovot, Israel. 



0166-2236/99/$ - see front matter © 1999 Elievier Science. All rights reserved. 



PI1: S01 66-2236(99)01405 -8 



TINS Vol. 22, No. 7, 1999 295 



Viewpoint 



M. Schwartz et at. - Immune responses and CNS repair 



and complex neural network of the brain. A unique 
immunological feature of the CNS, which possibly 
evolved as partial compensation for the above limitation, 
is the abundant presence of resident macrophages, the 
microglia, which occur in resting form and account for 
approximately 12% of the total brain-cell population 9 - 10 
In tissues other than the CNS, immune responses have 
a pivotal role in maintenance and repair, which raises 
the following questions: does the CNS, like other tissues, 
depend on immune responses for its maintenance and 
repair, particularly after injury? And, if so, is the restricted 
activity of CNS-resident immune cells sufficient for this 
purpose? The data presented in this article suggest that 
the injured CNS does indeed require immune interven- 
tion in order to limit damage and to activate healing, 
but that under normal circumstances the CNS is rela- 
tively inaccessible to such intervention because of the 
restrictions associated with its immune-privileged status. 

The involvement of immune activity in CNS repair 
and maintenance can be seen, for example, in the case of 
white-matter injury, that is, injury to axons 11 " 14 . Such in- 
jury initiates a process of degeneration at the injury site 
which is accompanied by an inability of the nerve fibers 
to regrow and reconnect, and usually culminates in the 
death of the corresponding cell bodies 15 . In addition, un- 
damaged fibers in the vicinity of the injured axons be- 
come affected by the lateral spread of damage 16 and con- 
sequently undergo secondary degeneration, unless thev 
are treated adequately 1 ^. This lateral, secondary degen- 
eration appears to be mediated by agents such as glu- 
tamate 21 , free radicals or additional mediators of toxicity, 
some of which might be associated exclusively with CNS 
axonal injury rather than a direct injury to cell bodies 21 - 25 . 

Attempts to minimize the spread of degeneration fol- 
lowing axonal injury, using the rat optic nerve or spinal 
cord as a model, have yielded some insights into the 
mechanisms involved in degeneration and have led 
to the identification of specific molecules with neuro- 
protective properties 2 *" 28 . Thus, for example, the ob- 
served reduction in secondary degeneration that fol- 
lowed immediate treatment of an injury with a single 
dose of methylprednisolone was attributed to the re- 
duction of local inflammation that this compound 
produced 29 . Accordingly, inflammatory cells were con- 
sidered to be harmful to damaged axons 30 . The benefi- 
cial effect of methylprednisolone, either as a result of 
its anti-inflammatory activity or of its other actions, 
might be as a neuroprotective agent and, accordingly' 
it might be exerted only at an early posttraumatic stage! 
For regrowth, however, inflammatory cells appear to be 
important 12 - 13 ' 31 -". This would support our suggestion 
that there could be a conflict between the inflammation 
that disrupts the maintenance of the CNS and the 
inflammation required for CNS repair 35 - 36 . Similarly 
whereas autoimmune T cells are generally considered to 
be detrimental, under certain posttraumatic conditions 
they can be beneficial 14 . As summarized below, the im- 
mune activities of macrophages and T cells in the CNS, 
although potentially threatening, display positive effects 
in terms of repair and -maintenance following injury. 

Implantation of activated macrophages promotes 
CNS regrowth 



In contrast to the CNS, the PNS can regenerate after 
injury. A comparison of the inflammatory responses 
of the CNS and the PNS to injury has, therefore, proved 
to be helpful in denning the factors that are important 



for recovery of CNS tissue. For example, macrophage 
invasion of damaged CNS white-matter sites is slower 
and less extensive than that observed following simi- 
lar degrees of PNS white-matter injury 37 . In vitro studies 
have shown that the phagocytic activity of macrophages 
is enhanced on their exposure to PNS nerve segments 
but inhibited by exposure to CNS nerve segments 38 
Moreover, macrophages that infiltrate the damaged CNS 
are less efficient at clearing the myelin debris known 
to inhibit neuronal growth than are PNS macrophages 39 
Thus, relative to the PNS, the CNS manifests a sluggish 
macrophage response to injury. In addition, the CNS- 
resident macrophages, the microglia, have been found 
to be activated after injury, although their activity is not 
as high as that of peripheral-blood macrophages and 
is transient 40 . Can this limitation in macrophage and 
microglial activity explain, at least in part, the failure 
of the CNS to regenerate and repair itself? 

The above results, together with other findings 41 - 42 
have led us to propose that in the injured CNS as in 
other injured tissues, activated macrophages are needed 
at an early stage after injury for healing of the tissue. In 
addition, CNS healing might be affected adversely by the 
late arnval of macrophages at the site of injury, their lim- 
ited spread within the injured tissue and their restricted 
activity. This hypothesis was substantiated experimen- 
tally by incubating peripheral blood macrophages with 
PNS or CNS tissue in vitro and then applying equal num- 
bers of macrophages to the site of injury in the optic- 
nerve or spinal-cord models. By means of anterograde 
and retrograde labeling of transected optic nerves of 
adult rats, we have demonstrated morphologically that 
PNS-activated macrophages are more beneficial for 
axonal regrowth than are CNS-activated or non-activated 
macrophages' 2 . Regrowth of axons is correlated with the 
speedy clearance of myelin from the treated axons and 
with the abundant distribution of PNS-activated macro- 
phages along the distal part of the damaged axons (in 
contrast to the limited macrophage distribution in tran- 
sected, untreated axons, or in transected axons ex- 
posed to CNS-activated macrophages or to non-activated 
macrophages) 43 . The beneficial effect of the macrophages 
on regrowth is not diminished by treatment with dexa- 
rnethasone. Some functional recovery has been demon- 
strated in studies of adult-rat spinal cord, where local 
application of PNS-activated macrophages to the com- 
pletely transected spinal cord leads to the partial recovery 
of otherwise paraplegic rats. Recovery is manifested by 
acquisition of locomotor activity, which is tested in an 
open-field by measuring the generation of motor-elicited 
potential responses in the hind-limb muscles, and by 
morphological alterations that meet specific criteria 13 
The above data support three conclusions. First the 
CNS is not intrinsically refractory to the processes of 
healing and regrowth. Second, the ability of activated 
macrophages to promote CNS healing and regrowth 
is, in principle, not unlike that promoted by the innate 
inflammatory response in other organs. Third, the fail- 
ure of the CNS to regrow can be attributed, at least in 
part, to a relative inability of the damaged CNS to 
recruit and activate a restorative inflammatory response 
to tissue damage. Thus, it appears that the immune- 
privileged status of the CNS, at least in some circum- 
stances, might be disadvantageous and even detri- 
mental. The remainder of this article contains a review 
of our recent findings that autoimmune T cells, like 
activated macrophages, can benefit the damaged CNS 
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Passive transfer of CNS-antigen-specific 
autoimmune T cells limits secondary degeneration 

Macrophages do not bear receptors for antigens and 
they lack immune memory, thus representing the non- 
adaptive, innate arm of the immune response. T cells, in 
contrast, respond to specific antigens and 'remember' 
past experience, and so represent part of the adaptive 
arm of the immune response. When activated, the T cells 
can kill their target cells or produce signal molecules 
that activate or suppress the growth, movement or dif- 
ferentiation of other cells. Thus, T cells are involved in 
protecting the individual against foreign invaders as 
well as in maintaining body function. The blood-brain 
barrier of the CNS is normally impermeable to resting 
T cells, but is permeable to activated T cells. Activated 
T cells, however, do not accumulate in the healthy 
CNS unless they recognize and are able to react to their 
specific antigen there 44 . 

Comparative studies of the T-cell response at sites 
of optic-nerve and sciatic-nerve injury, using T-cell 
immunocytochemistry, have revealed a significantly 
greater accumulation of endogenous T cells in the in- 
jured PNS than in the injured CNS (Ref. 45). Moreover, 
the CNS shows a marked propensity for elimination of 
T cells via apoptosis, whereas this mechanism is less 
effective in the PNS and is almost absent in other tis- 
sues such as muscle and skin 46 . These findings suggest 
that the T-cell response in the traumatized CNS is 
both restricted and tightly regulated. Is this limitation 
in T-cell response disadvantageous to the CNS? 

In order to determine whether increasing T-cell accu- 
mulation is beneficial or harmful to the injured CNS, 
we used an experimental model of a partial lesion of the 
rat optic nerve, which allows the assessment of nerve 
maintenance after traumatic axonal injury. We found 
that axonal injury was followed by a transient accu- 
mulation of endogenous T cells at the site of the lesion. 
Passive administration of activated syngeneic T cells 
specific to a CNS self-antigen such as myelin basic pro- 
tein (MBP) or to a non-self antigen such as ovalbumin 
(OVA) resulted in an augmented local accumulation of 
T cells 14 - 47 . Although both T-cell lines accumulated at 
the site of the lesion, there was a clear difference in 
their effects on the maintenance of the damaged tis- 
sue in terms of their ability to affect the progression of 
secondary degeneration. Two weeks after injury, the 
rats injected with the anti-MBP T cells showed signifi- 
cantly less secondary degeneration than rats injected 
with phosphate-buffered saline (PBS) or with T cells 
that are specific to the foreign antigen OVA. This 
neuroprotective property of the anti-MBP T cells was 
demonstrated using criteria derived from morpho- 
metry and electrophysiological studies 14 . Thus, both 
the numbers of retinal ganglion cells and the degree of 
optic-nerve conduction (measured by its compound 
action potential) were significantly higher in the rats 
injected with anti-MBP T cells than in the other 
groups of rats (Fig. 1). The neuroprotective effect was 
discernible despite the fact that the transferred=anti- 
MBP T cells induced a transient monophasic paralytic 
disease known as experimental autoimmune encephalo- 
myelitis (EAE). The £AE started four days after cell 
injection, peaked on day six and terminated around 
day ten. It should be emphasized that the adoptive 
transfer of EAE to Lewis rats by anti-MBP T cells does 
not involve structural demyelination 48 . 
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Fig. 1 . The neuroprotective effect of autoimmune anti-MBP T cells. 
Immediately after partial optic-nerve-avsh injury 1 *, rats were injected 
intraperitoneal^ with phosphate-buffered saline (PBS) or with ixlO 7 
activated anti-MBP (myelin basic protein) or anti-OVA (ovalbumin) 
. T cells. Two weeks later, neuroprotection was assessed either morpho- 
logically or electrophysiologically 14 . For the morphological analysis, the 
neurotracer dye, 4-Di- 1 O-Asp, was applied to the optic nerve distal to 
the site of the injury. Five days after dye application, the retinas were 
excised and flat-mounted. Labeled retinal ganglion cells (RCCs) from 
three to five randomly selected fields in each retina (all located at 
approximately the same distance from the optic disc) were counted by 
fluorescence microscopy. The number of RCCs that survived secondary 
degeneration in each group of injured nerves was expressed as a per- 
centage of the remaining number of RCCs per mm 2 , which were counted 
immediately after the primary injury (2 80 ±5 1.6, mean±sQ*). The mean 
number of RCCs surviving secondary degeneration (per mm 2 ) two weeks 
after the primary injury was 37 in rats injected with PBS, 47 in rats 
injected with anti-OVA T cells and 99 in the rats injected with anti-MBP 
T cells. The results represent an average of five experiments, in which 
each group contained five to ten rats. For the electrophysiological 
analysis the compound action potential (CAP) was recorded from 
uninjured optic nerves and from the distal segments of the injured optic 
nerves two weeks after injury. The nerve ends were connected to two 
suction Ag-AgCI electrodes immersed in a bathing solution at 37X. 
A stimulating pulse was applied through the electrode and the CAP was 
recorded by the distal electrode. For each nerve, the difference between 
the peak amplitude and the mean plateau for eight CAPs was com- 
puted, and was considered to be proportional to the number of propa- 
gating axons in the optic nerve. The mean CAP amplitude of the injured 
nerves from rats subjected to the different treatments was expressed as 
a percentage of the mean CAP amplitude of the uninjured nerves in the 
PBS-injected rats (gray). Each group contained eight to ten rats. The 
neuroprotective effect of anti-MBP T cells compared with PBS or anti-OVA 
T cells was significant **P <0.01, ***P <0.001 (one-way AN OVA). 

Interestingly, the protection of neurons from sec- 
ondary degeneration was not related to the intrinsic 
pathogenicity of the anti-MBP T cells. The disease in- 
duced by T cells specific to a cryptic epitope of MBP, 
p51-70, was significantly milder, if seen at all, than 
that induced by the anti-MBP T cells. Nevertheless, 
this weakly pathogenic anti-p51-70 T-cell line was as 
effective in reducing secondary degeneration: as the 
highly pathogenic anti-MBP T-cell line 14 . Thus, the 
induction of clinical autoimmune disease was not a 
prerequisite for the protection against secondary 
degeneration mediated by the anti-MBP T-cell lines. 

We do not yet know how the anti-MBP T cells arrest 
the progression of secondary degeneration, although 
it is known that T cells can synthesize cytokines and 
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Fig. 2. The innate and adaptive immune responses and their proposed effects on axonal 
regeneration and neuroprotection. The restricted communication between the CNS and the 
immune system seems to operate not only in the intact CNS, but also following injury such as 
axotomy. As a result, the CNS fails to trigger adequate immune reactions needed for protection 
and regeneration (dark gray). The neuronal environment is not, therefore, modulated so that it 
can support axonal regrowth or prevent secondary degeneration. However, the obstacle of the 
restricted immune responses in the injured CNS can be bypassed by implantation of activated 
macrophages or adoptive transfer of autoimmune T cells (light gray). A model of partial white- 
matter injury was used for studying neuroprotection and-a model of complete transection in 
the white matter was used for studying regeneration. Macrophage implantation (right) led to 
the removal of neuronal growth inhibitors by myelin clearance and to growth-factor secretion, 
resulting in axonal regeneration. Adoptive transfer of autoimmune T cells (left) led to a reduc- 
tion in energy requirements, caused by transient inhibition of nerve conduction ('neuronal rest% 
and to growth-factor secretion, resulting in neuroprotection. 

neurotrophic factors 49 " 51 . We were unable to detect major 
differences between the T-cell lines examined in these 
experiments with respect to their cytokine and neuro- 
trophin production in vitro (M. Schwartz, G. Moalem, 
R. Leibowitz-Amit and I.R. Cohen, unpublished obser- 
vations), and are currently examining whether antigen 
recognition at a site of injury induces differential cyto- 
kine and neurotrophin secretion in vivo. Myelin in the 
crushed nerve undergoes degradation and its exposure 
could, therefore, stimulate the anti-MBP T cells to secrete 
neuroprotective factors. Alternatively, or in addition, 
it is known clinically that arresting nerve metabolism 
(for example, by hypothermia) can help to limit the 
spread of CNS damage after injury 52 . Some years ago, 
we reported that anti-MBP T cells could reversibly 
inhibit nerve conduction in vitro 53 . In support of this 
finding, we further showed that the anti-MBP T-cell 
line indeed produced a transient but significant inhi- 
bition of electrophysiological activity in trie-injured- 
nerve, and that this inhibition of nerve conduction 
coincided with the peak of T-ceil accumulation at the 
injury site 14 . There is evidence that cytokines can affect 
the electrophysiological functions of neurons and glial 
cells directly 54 . Thus, cytokines secreted by anti-MBP 
T cells at the injury site might induce a transient 
reduction in neuronal excitability, for example, by 



increasing inactivation of the Na* current 54 . These 
findings suggest that the anti-MBP T cells might 
reduce injury-induced secondary damage by inducing 
a transient resting state in the damaged nerve, thereby 
reducing its energy demands and enhancing its ability 
to cope with the stress that results from the injury. At 
this stage of study, we do not know whether the neuro- 
protection mediated by passive transfer of autoimmune 
T cells occurs directly or whether it is an indirect effect 
that involves other cells, such as macrophages. 

Autoimmunity in the CNS 

T cells that react specifically to CNS-myelin antigens 
have justifiably earned a bad reputation. Such autoim- 
mune T cells cause the potentially lethal disease EAE 
in animals 55,56 and are associated with multiple scle- 
rosis in humans 57 . Nevertheless, despite the classical 
teaching that potentially pathogenic T cells should 
not exist in healthy individuals 58 , it is experimentally 
evident that MBP-responsive T cells can be isolated 
from healthy individuals and not only from patients 
suffering from multiple sclerosis 59 " 61 . Natural autoim- 
munity to specific dominant self-antigens such as 
MBP was proposed to represent the immune system's 
positive picture of the individual self, the 'immuno- 
logical homunculus' 62 . Indeed, components of myelin 
appear to be prominent among the limited set of self- 
antigens to which autoimmunity naturally exists. More- 
over, CNS trauma was found to elicit an autoimmune 
response against a component of CNS myelin. Spinal- 
cord contusion was shown to cause direct sensitization 
of the host immune system to MBP and, indeed, when 
injected intravenously into naive rats, systemic T cells 
isolated from spinal-cord-injured rats caused neuro- 
logical deficits that were similar to EAE (Ref . 63). Thus, 
it seems that autoimmunity is awakened in response 
to CNS injury. It is conceivable that the endogenous 
T cells that accumulate spontaneously at sites of CNS 
injury arise from an injury-triggered autoimmune 
response 64 . It might be beneficial but too weak and in 
need of boosting, or inappropriate and in need of modi- 
fication. The results presented above suggest that, 
under certain circumstances, autoimmunity might be 
beneficial in CNS maintenance. We infer that the spon- 
taneous autoimmune response is not optimal with 
respect to what is needed to prevent secondary damage. 

Recent evidence suggests that inflammation in the 
CNS is associated with an altered presentation of en- 
dogenous MBP, which results in activation of T cells 
that are specific for cryptic epitopes possibly hidden in 
intact nerves 65 . Epitopes that are not accessible in the 
intact CNS might become sufficiently accessible after 
injury to be seen by receptor-bearing T cells. This 
might explain the similarity in the neuroprotective 
effects induced by the anti-p51-70 T cells and the anti- 
MBP T cells, despite their differing effects in the intact 
CNS. Accordingly, it might be worthwhile seeking 
ways to augment a beneficial autoimmune response 
therapeutically without triggering a persisting autoim- 
mune disease. Such augmentation might be achieved, 
for example, by employing T cells that are specific to 
the self -antigenic epitopes normally sequestered in 
the intact CNS. These autoimmune T cells would not 
accumulate or interact with undamaged areas and, 
thus, would not induce disease, yet they might be able 
to assist in the repair of injured CNS tissue if the injury 
should expose the covert epitope. 
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Concluding remarks 

The results presented in this article suggest that acti- 
vated, anti-CNS T cells (which confer adaptive auto- 
immunity), as well as activated macrophages (which 
represent innate immunity), can help to sustain the 
injured CNS. Figure 2 summarizes how activated macro- 
phages and autoimmune T cells might promote re- 
growth and protection from secondary degeneration 
in the CNS following white-matter injury. 

Over the years, immune privilege in the CNS has 
been interpreted in contradictory terms. It was first 
viewed as a life protector; the organism was seen to be 
so dependent on the integrity of the CNS that any 
form of immunological intervention could only be life 
threatening. Subsequent theories suggested that 
immune privilege in the CNS had evolved to save the 
specialized and intricate neural networks from modifi- 
cations that might be caused by immune cells or mol- 
ecules; loss of a specific function would be preferable 
to marred recovery. Our present theory is that immune 
privilege is an optimal solution for ongoing mainte- 
nance of the healthy and intact CNS, but becomes dis- 
advantageous once the CNS has suffered injury. 
Furthermore, intensive care and life-support systems 
were not available during most of vertebrate evolution. 
It is only through the cultural evolution of the human 
species that we now find ourselves able to contem- 
plate the potential for CNS repair. It is possible that the 
inability of the CNS to recover after injury is the price 
that the CNS pays for being an immune-privileged 
site. The challenge, then, is to learn how to manipulate 
immune privilege medicinally and how to supply the 
immune agents needed to reinstate the maintenance 
of CNS tissue. Future research should aim to exploit the 
biology of immune maintenance in order to improve 
the outcome of CNS trauma. Although still in its in- 
fancy, the idea that innate and adaptive immune 
responses have a potential role in CNS rescue and 
repair is leading to new ways of considering the dialog 
between the immune system and the CNS. 

References 

1 Streilein, J.W. (1995) Science 270, 1158-1159 

2 Reese, T.S. and Karaovslcy, M.J. (1967) /. Cell. Biol. 34, 
207-217 

3 Matsumoto, Y, et at. (1986) /. Immunol. 136, 3668-3676 

4 Wucherpfennig, K.W. (1994) Clin. Immunol Immunopathol. 72, 
293-306 

5 Hailer, N.P. et ah (1998) Brain Pathol. 8, 459-474 

6 Sun, D., Coleclough, C. and Whitaker, J.N. (1997) /. Neuro- 
immunol. 78, 69-78 

7 Wilbanlcs, G.A. and Streilein, J.W. (1992) Eur. J. Immunol. 22, 
1031-1036 

8 Streilein, J.W. (1993) Curr. Opin. Immunol. 5, 428-432 

9 Lawson, L.J. et ah (1990) Neuwscience 39, 151-170 

10 Thomas, W.E. (1992) Brain Res. Rev. 17, 61-74 

11 Hirschberg, D.L. and Schwartz, M. (1995)/. Neuroimmunol 61, 
89-96 

12 Lazarov-Spiegler, O. et ah (1996) FASEB /. 10, 1296-1302 

13 Rapalino, O. et ah (1998) Nat Med. 4, 814-821 

14 Moalem, G. et ah (1999) Nat Med. 5, 49-55 

15 Garcia, V.E. et ah (1995) Exp. Eye Res. 61, 33-44 

16 Yoles, E. and Schwartz, M. (1998) Exp. Neurol. 153, 1-7 

17 Faden, A.I. (1993) Crit Rev. Nettrobioh 7, 175-186 

18 Mcintosh, T.K. (1993) /. Neurotrauma 10, 215-261 

19 Hovda, D.A. et ah (1991) Brain Res. 567, 1-10 

20 Zivin, J. A. and Choi, D.W. (1991) Sci. Am. 265, 56-63 

21 Yoles, E. and Schwartz, M. (1998) Arch. Ophthalmol. 116, 906-910 

22 Yoshino, A. et ah (1991) Brain Res. 561, 106-119 

23 Liu, D. et ah (1994) /. Neurochcm. 62, 37-44 

24 Bazan, N.G., Rodriguez de Turco, E.B. and Allan, G. (1995) 
/. Neurotrauma 12, 791-814 

25 Ransom, B.R., Stys, P.K. and Waxman, S.G. (1990) Stroke 21, 
52-57 



26 Yoles, E. etah (1992) Invest Ophthalmol. Vis. Sci. 33, 3586-3591 

27 Yoles, E., Belkin, M. and Schwartz, M. (1996) /. Neurotrauma 
13, 49-57 

28 Yoles, E. and Schwartz, M. (1997) /. Neurotrauma 14, 665-675 

29 Constantini, S. and Young, W. (1994) /. Neurosurg. 80, 97-111 

30 Blight, A.R. (1992) /. Neurotrauma 9, S83-S91 

31 Rabchevsky, A.G. and Streit W.J. (1997)/. Neurosci. Res. 47, 34-48 

32 Prewitt, CM. et ah (1997) Exp. Neurol 148, 433-443 

33 Patrick, C, Kukreti, S. and Mclntire, L.V. (1996) Exp. Neuroh 
138, 277-285 

34 Chamak, B., Morandi, V. and Mallat, M. (1994) /. Neurosci. Res. 
38, 221-233 

35 Hirschberg, DX. et ah (1994) /. Neuroimmunol. 50, 9-16 

36 Lotan, M. and Schwartz, M. (1994) FASEB J. 8, 1026-1033 

37 Perry, V.H., Brown, M.C. and Gordon, S. (1987) f. Exp. Med. 165, 
1218—1223 

38 Ben-Zeev-Brann, A. et ah (1998) Glia 23, 181-190 

39 George, R. and Griffin, J.W. (1994) Exp. Neurol. 129, 225-236 

40 Hailer, N.P. et ah (1997) Eur. J. Neurosci. 9, 863-866 

41 Miller, C, Tsatas, O. and David, S. (1994) /. Neumsci. Res. 38, 56-63 

42 StoU, G., Trapp, B.D. and Griffin, J.W. (1989) /. Neurosci. 9, 
2327-2335 

43 Lazarov-Spiegler, O., Solomon, A.S. and Schwartz, M. (1998) 
Glia 24, 329-337 

44 Hickey, Wi., Hsu, B.L. and Kimura, H. (1991) /. Neurosci. Res. 28, 
254-260 

45 Moalem, G. et ah FASEB /. (in press) 

46 Gold, R., Hartung, H.P. and Lassmann, H. (1997) Trends Neurosci. 
20, 399-404 

47 Hirschberg, D.L. et ah (1998)/. Neuroimmunol. 89, 88-96 

48 Meeson, A.P. et ah (1994) Exp. Neuroh 129, 299-310 

49 Ehrhard, P.B. et ah (1993) Proc. Natl. Acad. Sci. U. S. A. 90, 
10984-10988 

50 Lambiase, A. et ah (1997) /. Allergy Clin. Immunol 100, 408-414 

51 Santambrogio, L. etah (1994) /. Immunol. 153, 4488-4495 

52 Barone, F.C., Feuerstein, G.Z, and White, R.F. (1997) Neurosci. 
Biobehav. Rev. 21, 31-44 

53 Yarom, Y. et at. (1983) Nature 303, 246-247 

54 Koller, H., Siebler, M, and Hartung, H.P. (1997) Prog. Neurobioh 
52, 1-26 

55 Ben Nun, A., Wekerle, H. and Cohen, LR. (1981) Eur. J. Immunol 
11, 195-199 

56 Ben Nun, A. and Cohen, LR. (1982) /. Immunol 129, 303-308 

57 Ota, K. et ah (1990) Nature 346, 183-187 

58 Burnet, M. (1959) The Clonal Selection Theory of Acqidred Immunity, 
Vanderbilt University Press 

59 Burns, J. et ah (1983) Cell Immunol 81, 435-440 

60 Pette, M. et ah (1990) Proc. Natl. Acad. Sci. U. S. A. 87, 7968-7972 

61 Schluesener, H.J. and Wekerle, H. (1985) /. Immunol. 135, 
3128-3133 

62 Cohen, LR. (1992) Immunol Today 13, 490-494 

63 Popovich, P.G., Stokes, B.T. and Whitacre, C.C. (1996) 
/. Neurosci. Res. 45, 349-363 

64 Popovich, P., Whitacre, C- and Stokes, B. (1998) Neuroscientist 
4. 71-76 

65 Lehmann, P.V. et ah (1992) Nature 358, 155-157 



Corning mexit month in TSNS 

Marrow-mindedness: a perspective on neuropoiesis, 
by B. Scheffler, M. Horn, I. Blumcke, E.D. Laywell, 
D. Coomes, V. Kukekov and D.A. Steindler 

Signalling through the JAK/STAT pathway in the 
developing brain, by E. Cattaneo, L Conti and 
C. De-Fraja 

New prospects for human stem-cell therapy in the 
nervous system, by C.N. Svendsen and A.G. Smith 

Fatty acids, diacylglycerol, Ins(l,4,5)P 3 receptors and 
Ca 2+ influx, by K. Kiselyov and S. Muallem 

Coherent oscillations and short-term plasticity in 
corticothalamic networks, by M. Steriade 

Plus much more! 



Acknowledgements 
We thank 
Shirley Smith for 
editorial assistance, 
and Igor Friedmarm 
and Eti Yoles for 
help with graphics. 
The authors' 
research was 
supported in part 
by the Alan Brown 
Foundation for 
Spinal Cord Injuries 
(M.S.), by the US 
Army (M.S.) and by 
an Alcon award 
(M.S.). 



TINS Vol. 22, No. 7, 1999 299 



